Primary hyperparathyroidism (PHPT) is a disease caused by overactive secretion of parathyroid hormone (PTH) with a concurrent alteration of the phosphocalcemic metabolism: commonly we found an association between hypercalcemic status and elevated PTH plasma levels or not properly normal. Widespread screening of serum calcium introduced in the 70's has made PHPT a relatively common disease: in these cases hypercalcemia is quickly diagnosed and in the western world the disease tends to appear with not specific symptoms such as fatigue mood disturbance and cognitive impairments.
Introduction
Primary hyperparathyroidism (PHPT) is a disease caused by overactive secretion of parathyroid hormone (PTH) with a concurrent alteration of the phosphocalcemic metabolism: commonly we found an association between hypercalcemic status and elevated PTH plasma levels or not properly normal. Widespread screening of serum calcium introduced in the 70's has made PHPT a relatively common disease: in these cases hypercalcemia is quickly diagnosed and in the western world the disease tends to appear with not specific symptoms such as fatigue mood disturbance and cognitive impairments. 1 The main cause is represented by a solitary parathyroid adenoma (80-85% of cases) ( Figure 1 ): the remaining 15-20% of cases are represented by conditions of diffuse glandular hyperplasia ( Figure 2 ) and multiple adenomas. A small percentage of patients presents with typical familial forms of multiple endocrine neoplasia type 1 (MEN 1) and multiple endocrine neoplasia type 2 (MEN 2) syndromes. 2, 3 Primary hyperparathyroidism generally occurs with higher rate in a population older than 55 years: it occurs 2-3 times more frequently in women than in men and has a higher prevalence in postmenopausal women. Approximately 80% of patients with PHPT are asymptomatic being the asymptomatic hypercalcemic form the most representative: signs and symptoms, when present, are due to prolonged hypercalcemic status than to elevate serum levels of PTH. 4, 5 The clinical manifestation remains variable ranging from the normocalcemic to the hypercalcemic PHPT form. 6, 7 Methods of research We matched primary hyperparathyroidism with etiology, diagnosis, clinical manifestation, imaging procedures, indication for surgery, role of intraoperative serum PTH measurement and finally medical treatment: a computer link program was then used in order to exclude duplicate articles. The search strategy would be sensitive, intentionally and retrieves more articles than those required: matching the key words we found 512 published papers relevant to our study. Again for each key words category, the published papers that did not ensure the issue of our work were further omitted. The exclusion criteria applied regard articles not published in English, editorials, letters and opinion articles: we excluded articles on secondary and tertiary hyperparathyroidism not fulfilling our intent. We also excluded articles for which full publication or at least summary publication was unobtainable. Exclusion criteria left 143 original articles for our review: we listed references in order of appearance in the test.
Epidemiology and etiology
PHPT represents a common endocrine disease mostly in those countries in which screening is routinely done: since the early 70's the introduction of the serum biochemical screening markedly increased the incidence and prevalence of the disease. 8, 9 PHPT occurs more commonly in women and the onset before 50 years of age is rare. In postmenopausal age the relationship between man and woman changes from 1:3 to 1:5. The various case studies worldwide show an annual incidence of 20 cases per 100,000 people with an estimated prevalence in the general population of 0.5% to 1% increasing with age over 2% in both sexes. [10] [11] [12] Solitary parathyroid adenoma represents about 80% of cases of PHPT: other cases are represented by diffuse hyperplasia and multiple adenomas. About 10% of cases is represented by familial hyperparathyroidism syndrome in which multiple gland dis- [ ease is the common finding. [13] [14] [15] Parathyroid carcinoma is a rare disease and affects less than 10% of the forms of PHPT. [16] [17] [18] There are other clinical conditions associated with familial PHPT represented by MEN 1 and MEN 2 syndromes, hyperparathyroidism-jaw tumor syndrome and isolated familial hyperparathyroidism (Table 1) . PHPT represents the most common disorders in MEN 1 syndrome: it is virtually present in 100% of elderly patients affected by MEN 1 syndrome (older than 80 years) and it represents the first sign of the disease in younger patients. Regarding MEN 2A the prevalence of PHPT is lower and occurs in 20-25% of cases. [19] [20] [21] The rare hyperparathyroidism jaw tumor syndrome emerges when PHPT occurs associated with jaw-bone tumors and it is caused by germline gross deletion or point mutation of selected gene: it is a rare genetic autosomal dominant disease closely related to young adults generally presenting as a single parathyroid adenoma and bony lesion of the jaw. Some cases are associated with multiple renal hamartoma or diffuse cystic kidney disease. 22, 23 PHPT is rare in pregnancy and is frequently associated, if unknown and untreated, with the risk of fetal complication and abortion: another register-based retrospective cohort study demonstrates how diagnosis of PHPT does not seem to increase the risk of abortion neither birth weight, length or Apgar score. 24 Neonatal primary hyperparathyroidism and familial hypocalciuric hypercalcemia are rare conditions caused by a defect in the gene coding for the calcium sensing receptor. In the first case newborns presented with hypotonia, poor feeding, constipation and respiratory distress: it is usually due to a homozygous mutation of calcium sensing receptor gene. 25 Familial hypocalciuric hypercalcemia is generally a benign disorder caused by heterozygous inactivating mutation of calcium sensing receptor gene: the patients presented with elevated serum calcium and PTH levels but not complication of primary hyperparathyroidism. 26 The expression of the VDR gene (vitamin D receptor) and the CASR gene (calcium sensing receptor) may play an important role in the development of PHPT caused by parathyroid adenomas: recent studies have explored the underlying molecular mechanism in the pathogenesis of sporadic symptomatic primary hyperparathyroidism implying a potential role in adenoma growth and differential clinical expression. 27 PHPT is also described in patients who received radiation to the head and neck region: a cohort study among workers involved in the explosion of the Chernobyl Nuclear Station showed how about one fourth of patients analyzed, who had received an average dose of radiation ranging from 0.3 to 8.7 Gy, developed PHPT: furthermore patients who received irradiation for benign situation in younger age are exposed to a major risk of PHPT. 28, 29 Radioactive iodine therapy has been suggested to cause PHPT: only small case series support this pathogenesis. The risk seems to be increased in elderly patients for whom it is strongly recommended serum calcium surveillance. 30, 31 Some genetic studies have recently demonstrated a correlation between over expressions of CCND1/PRAD1 oncogene for parathyroid sporadic tumor and an over expression of other genes like RET, MEN 1 and HRPT2 for sporadic and familial tumors miming PHPT: these over expressions can lead to cell cycle progression toward cell cycle phase promoting growth and cell division. 32 Some drugs like thiazide might unmask underling PHPT inducing an urinary reduction of calcium excretion: furthermore prolonged lithium therapy can also unmask a hyperparathyroidism status and can induce parathyroid iperplasia.
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Diagnosis
Diagnosis depends on the laboratory documentation of elevated serum calcium level often in conjunction with elevated serum PTH level. 37, 38 The differential diagnosis with other form of hypercalcemia is often complex and includes conditions related to metastatic cancer, multiple myeloma, sarcoidosis and other less common causes: the biochemical hallmark of PHPT is represented by the association of both elevated calcium levels and elevated or inappropriate PTH serum level. 39 About 80-90% of patients presented with elevated PTH levels and low phosphorous level correlated with lower kidney resorption while the remaining 10-20% of patients had normal (inappropriate for the elevated calcium level) PTH levels: note that patients with hypercalcemia should have their PTH level suppressed and that the normal level is inappropriately high in these patients. 40 PHPT is characterized by a shift in the set point for suppression of PTH [ Regarding the analysis of PTH, the second and third generation assays measuring respectively the 1-84 primary amino acid sequence of PTH and other large fragment like the 7-84 truncated form, show a superior diagnostic sensitivity to other generation assays. 42, 43 Generally the measure of serum calcium should be adjusted and corrected for the albumin concentration of the patient being the ionized calcium level considered not useful in these patients: generally the correction is made by adding 0.8 mg/dL to the total calcium value for each 1 g/dL below a referral concentration of albumin of 4 g/dL. 44, 45 There are other clinical conditions that should be considered presenting with both calcium and PTH level elevated: one condition is represented by the chronic use of thiazide diuretics and lithium. If safe, when patients discontinued these drugs the elevated serum value of both calcium and PTH suggest an underling primary hyperparathyroidism. [46] [47] [48] [49] A rare clinical condition suggesting a primary hyperparathyroidism is represented by familial hypocalciuric hypercalcemia: these patients present moderate hypercalcemia and equivocal phosphate levels with mild elevation of PTH or (inappropriately) normal PTH levels. Measurement of 24 h urine calcium can detect lower value of calcium in the urine distinguishing familial hypocalciuric hypercalcemia from PHPT and MEN syndrome. This clinical condition is due to inactivating CASR mutation: the condition can be confirmed by CASR gene mutation screening. 50 Paraneoplastic hypercalcemia due to the over production by tumor cells of PTH related protein can be distinguish from PHPT because this selected protein is not detected by the common assays used to detect PTH. 51 Other uncommon clinical conditions presenting with hypercalcemia in the ambulatory setting, in which PTH level can also be elevated, are summarized in Table 2 ; aside from PHPT this condition can be easily differentiated however the diagnosis of hypercalcemia remains complex (Table  2) . 52 In order to obtain a clear differentiation with other clinical conditions measurement of PTH and serum calcium must be completed by renal function, measurement of 25 hydroxyvitamin D, and serum phosphorous level. A renal ultrasound, to rule out nephrocalcinosis and nephrolitiasis, should be performed as soon as a bone mineral density (BMD) is obtained. Therefore markers of bone formation and resorption should be done (such as osteocalcin and bone-specific alkaline phosphatase) should be detected.
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Clinical features
After the introduction of the routine screening for serum calcium, the diagnosis of PHPT has been increased. Today, when discovered, patients are generally asymptomatic: in the early stage symptoms are usually nonspecific like mild depression, weakness, anorexia, fatigue, constipation, polyuria and polydipsia. In the recent past some patients presented with bone disease and higher bone remodeling, with a reduction in BMD and increased risk of fracture; in the chronic phase symptoms from changes in genitourinary system are often present.
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Renal manifestation
Renal complications remain the most challenging problem; usually symptoms related to nephrolitiasis and nephrocalcinosis occur in less than 10% of patients. Moreover nephrocalcinosis characterized by calcification within the renal parenchyma occurs in less than 5% of patients with PHPT and it is unusually associated with nephrolitiasis. 58, 59 Definitive renal changes occur in patients with nephrocalcinosis while patients with nephrolitiasis can be treated with extra corporeal shock wave lytotripsy.
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Cardiovascular manifestation
Cardiovascular manifestation includes arterial hypertension, coronary artery disease, left ventricular hy- [ pertrophy, valvular calcification and conduction abnormalities responsible of increased morbidity and mortality: in some series hypertension with associated clinical manifestation after parathyroid removal are responsible for elevated mortality rate. 62, 63 There are few published data regarding cardiovascular manifestation as a consequence of PHPT. It is unclear if the effect of ventricular hypertrophy and diastolic dysfunction depends on the elevated value of PTH or it is due to the secondary effect of hypertension: the conclusion of all this low powered study suggests an increased all case mortality and fatal related cardiovascular disease. 64 It remains uncertain whether parathyroidectomy decreases the risk of metabolic syndrome abnormalities associated with cardiovascular disease in patients with PHPT: a recent low powered study concludes that surgical treatment had no beneficial effect on cardiovascular risk, as assessed by the persistent insulin resistance and persistent symptoms of metabolic syndrome even after one year from successful parathyroidectomy. A more recent prospective case control study assessed the reversibility of symptoms after successful parathyroidectomy: that is still open to debate.
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Skeletal manifestation
In the past the early descriptions of patients with PHPT were related to those who had severe bone disease, condition known as osteitis fibrosa cystica: more recently the incidence of this disease is reported less than 1% while skeletal involvement characterized by a reduction of BMD affects approximately 25% of patients. 67 BMD is generally altered at distal third radius (prevalence of cortical bone), minimally reduced at the lumbar spine (prevalence of spongious bone) and mildly altered at the femur (rate intermediate between cortical and spongious bone). 68, 69 Natural history of skeletal involvement in PHPT untreated patients remains unclear: in most series parathyroidectomy improves BMD. A recent review of patients with osteopenia and osteoporosis demonstrates an improvement of BMD in up to 75% of patients successfully treated by parathyroidectomy for primary PHPT. It also demonstrated that younger patients, and mostly those with severe skeletal symptoms of PHPT, may derive the most skeletal benefit from the surgical procedure. 70, 71 Two controlled clinical trials demonstrated, at a follow up of 24 months after parathyroidectomy, an improvement in BMD at the femoral neck and at the total hip but not at the lumbar spine. Another study demonstrated an increase in lumbar spine BMD but not hip or distal third of radius. 72, 73 Other retrospective studies investigated the risk of fracture in patients affected by PHPT. A case control study demonstrates a correlation between age, lumbar spine BMD and vertebral fracture with a strong correlation of BMD at the lumbar spine and PHPT: 74 another retrospective cohort study demonstrates in multivariate analysis how parathyroidectomy was independently associated with decreased fracture risk. 75 There are few studies comparing the effects of PHPT on the trabecular bone using different diagnostic tools in different skeleton sites such as micro computed tomography associated with bone biopsy or hystomorphometric studies. All patients with PHPT showed, at histomorphometric studies, an increased endosteal resorption while studies with microtomography showed an alteration of bone architecture in patients with severe PHPT.
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Neuropsychiatric and neuromuscular manifestation
Patients with PHPT may also present neuropsychiatric manifestations: psychiatric symptoms range from mild personality changes to severe depression, anxiety and psychosis. Other mild clinical presentations founded were represented by fatigue, paranoid state, memory loss and sleep disorder. The mechanism involved in the appearance of mental symptoms is not still clear as well as the prevalence of this abnormalities because of the few studies available and the lack of a rigorous evaluation: a recent case control study, evaluating neuropsychological symptoms and their improvement 6 months after surgical cure of PHPT, demonstrated that mild PHPT is associated with cognitive features affecting verbal memory but not verbal abstraction that, on the contrary, improves after parathyroidectomy. 78 Other recent studies evaluate the outcome of parathyroidectomy on psychiatric symptoms: a health survey study was conducted using parathyroid assessment of symptoms score (PAS) and short-form 36 health survey version 2.0 (SF-36v2) score in order to evaluate the outcome of parathyroidectomy on patients' psychiatric symptoms. The same study determined for a successful improvement of quality of life evaluated at the PAS and SF-36v2 score after surgical procedure. 79 Another prospective case control study with matching pairs was conducted to determinate if surgical treatment could result in long lasting full recovery from neuropsychiatric symptoms: the successful parathyroid operation improved cognitive disorders. 80 Other studies showed the improvement on neuromuscular symptoms after surgical parathyroidectomy: a recent evidence based on literature review of patient with PHPT, performed assessing symptoms and clinical condition associated with neuromuscular system, showed a benefit from operative cure although there are few level I randomized clinical trials addressing the benefit of parathyroidectomy in these patients. 81 Further studies with strong level of evidence could better describe the peripheral nervous system involvement in PHPT. 
Normocalcemic primary hyperparathyroidism
Over the classical PHPT the normocalcemic form of PHPT (NPHPT) has been increasingly described since 1970: in this selected group of patients remains mandatory to exclude the causes of secondary hyperparathyroidism as well as vitamin D deficiency intake. It remains still unclear if NPHPT is an isolated form of disease or if it represents an evolution of classical PHPT in which the serum calcium, normal or mildly elevated in the first state of disease, increases progressively leading to the classical condition of hyperparathyroidism. 82 A study conducted in patients seen for osteoporosis condition showed the occurrence of kidney stones in 28.6% of patients with NPHPT in contrast with only 0.7% of the not carriers demonstrating that NPHPT is not an indolent disease. 83 A based longitudinal cohort study conducted over a population of patients seen in referred centers demonstrates that NPHPT patients have more skeletal involvement than patients with typical PHPT: this kind of patients, concludes the authors, may represent the earliest form of symptomatic PHPT rather than the asymptomatic form. 84 A recent systematic search conducted by members of the Bone Metabolism Working Group of the Spanish Society of Endocrinology provides practical recommendations for the evaluation and follow up of patients with NPHPT: but it also concludes that there is just little evidence available about the clinical aspects and the clinical impact of this disease. More data are needed.
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Imaging
The aim of imaging is to localize the site of hyperfunctioning parathyroid tissue. In recent past most surgeons believed that localization techniques had to be reserved for patients undergoing re-exploration after a failed initial procedure: nowadays there are different modalities available that can be distinguished in functional imaging and anatomical imaging 86 (Table 3) .
Sestamibi scans and 99 m Tc-pertechnetate subtraction scans
Sestamibi, since its introduction in 1989, represents the technique of choice for nuclear localization studies: abnormal parathyroid glands have more mitochondria that sequester sestamibi (Figure 3) . The uptake in the sestamibi scan closely depends on the size and weight of the parathyroid lesions: different techniques are used in order to clear differentiate parathyroid glands uptake and thyroid glands uptake. The technique well known as double phase technique is based on a more rapid wash out of sestamibi from thyroid tissue and not from pathological parathyroid glands: imaging is obtained after the administration of the radiopharmaceutical substance and 2 h later (Figure 4) case of parathyroid adenomas the technique reaches sensitivity of 80-90% in most series. 87 In a recent series sestamibi showed positive results in 100% of patients with PHPT presenting with severe bone disease, 84% in the group of patients with renal involvement but not bone involvement and 64% in patients with initial asymptomatic PHPT. 88 The addition of Computed tomography (CT) scan to the sestamibi double phase scan provides a three dimensional localization and is referred to the sestamibi single photon emission computed tomography (SPECT). The role of SPECT/CT for localization of parathyroid glands has been reported recently in literature for patients with previously untreated PHPT or to localize missing parathyroid glands in the neck or in the superior mediastinum. Literature results are variable: a recent pilot study found sensitivity and specificity in order of 46% and 100% for SPECT/CT in contrast with 92% and 100% respectively of positron emission tomography/CT (PET/CT) demonstrating a superior role of PET/CT. 89, 90 The role of sestamibi scintigraphy with SPECT/CT has been assessed in a recent single institution experience: authors conclude that sestamibi with SPECT procedure enables to identify a parathyroid adenoma in about two thirds of patients with PHPT and it allows surgeons to define an appropriate surgical plan. 91 The value of 99 m Tc sestamibi SPECT/CT over conventional SPECT to identify or localize a parathyroid adenoma or hyperplasia has been recently evaluated in a retrospective study: the authors conclude that SPECT/TC has no significant value over conventional SPECT for identifying or locating a normally located parathyroid adenoma. 92 
Ultrasonography
In addition to functional imaging, anatomical localization imaging plays an important role in the identification of adenomas and gland hyperplasia: ultrasonography (US) (Figure 5 ) of the anterior neck is frequently used in conjunction with sestamibi scan obtaining a sensitivity of 97-100%. When used alone it has the disadvantage of a limited resolving power and of being operator dependent; it can neither visualize ectopically located parathyroid glands nor glands located in the thyroid tissue: in this case the sensitivity reaches the value of 89% (with a range of 27-89%) while specificity ranges from 87% to 94%. US had the advantage of being cheaper, not exposing the patient to ionize radiation and it can be easily performed in the clinical setting. 93 A recent risk adjusted analysis confirms that the addition of ultrasonography to scintigraphy based imaging test has an incremental value in localizing parathyroid adenoma and in decreasing the extent of surgery during parathyroidec- tomy. 94 It can be easily performed at the surgical table pre operatively by endocrine surgeon to direct the surgical incision prior of the exploration: parathyroid can appear typically from round to oval, homogeneous and hypoechoic compared with the thyroid gland and thyroid nodule: moreover parathyroid adenomas are often hypervascular at the Doppler flow. 95 
Four-dimensional computed tomography and nuclear magnetic resonance
Four-dimensional computed tomography (4D-CT) plays an important role in localizing pathological parathyroid tissue with high accuracy: in a recent retrospective study 4D-CT shows an accuracy of 93% in localizing a single pathological gland. In the presence of multiglandular disease the sensitivity was much lower falling to 44% but specificity was 100%. 96 The evaluation of accuracy of 4D-CT scan as an emerging technique in localization and lateralization of abnormal parathyroid glands in patients with PHPT was recently assessed in a prospective study conducted at a tertiary referral center: the authors conclude that it can be used in any case of PHPT ensuring a high resolution contrast enhancement localization of pathological parathyroid glands and it can be used for planning minimally invasive parathyroidectomy versus bilateral neck exploration. 97 Nuclear magnetic resonance (MRI) has recently been evaluated for the preoperative localization of hyperfunctioning parathyroid glands: a prospective study showed how MRI has a better sensitivity and positive predictive value than 99mTc sestamibi scintigraphy for the detection of hyperfunctioning parathyroid glands. The addition of the two localizing imaging provides an additional increase in sensitivity and positive predictive value reducing the extension of the surgical procedure. 98 A comparative study of preoperative imaging methods in patient with PHPT compares the accuracy rates achieved in US, 99mTc sestamibi, SPECT and MRI: the authors conclude that the combination of US and sestamibi as imaging methods for preoperative localization of parathyroid adenoma or multiglandular hyperplasia often produces the best and satisfactory results. 99 The invasive localizing study such as angiography or venous PTH sampling lacked interest because the non-invasive procedures are most used and report high success rate. Some authors suggest the use of venous sampling when imaging is in favor of an ectopic mediastinal gland or a deep cervical adenoma, and in case of persistent or recurrent PHPT after failed surgery with negative neck exploration or PHPT well diagnosed but in the presence of negative imaging.
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Surgical treatment
The main treatment for patients affected by PHPT is surgery: the general agreement declares that surgery is properly indicated for patients with symptomatic disease such as renal and bone diseases or instead for patients with cardiovascular and psychiatric dysfunction. Asymptomatic patients who present incidentally elevated calcium and PTH level, according to the Fourth International Workshop, have to be enrolled for surgery in case of serum calcium concentration 1.0 mg/dL above upper limit of normal, 24 h urinary calcium excretion >400 mg, creatinine clearance reduced by 30%, BMD T score less than -2.5 standard deviation at any site and age minor than 50 years old. 101, 102 The Expert Panel concludes that surgical approach to parathyroidectomy should be suggested for patients with PHPT who meet the above-reported criteria: the current guidelines pointed out that patients who do not reach this criteria may be enrolled for surgical procedure if there is an appropriate consensus in multidisciplinary meeting held by surgeons and endocrinologists. 103, 104 In regard to the surgical procedure, patients should be carefully counselled about the risk of recurrent nerve injury, major bleeding and hypocalcemia: the consensus should be focused on the chance of converting the approach from a focused mini invasive procedure to a four gland exploration. In selected case, surgery could be unpredictable without success and could require more than one exploring procedure. The surgical procedure can be performed in general anesthesia: the ultimate focused minimal invasive procedure could also be performed with local anesthesia or with local control with anesthetic block in particular in high risk patients not suitable for intubation. 105, 106 Curative rates in patients undergoing parathyroidectomy range from 95% to 98% when surgery is done in a high volume center headed by a high volume surgeon: the complication rates are unusual and literature reports percentage inferior to 3% for all injuries. Mini invasive procedure in experienced skilled hand may be associated with lower morbidity and general costs. 107 Standard procedure consists in bilateral neck exploration with direct visualization of all abnormal parathyroid and at least one normal parathyroid. The four gland exploration procedure in experienced hand, a gold standard procedure 20 years ago, has a successful rate of over 95%: moreover it is usually done when preoperative procedure of standard localization fails in localizing a parathyroid adenoma, in a presumptive state of multiglandular disease, in case of re-operation or in those centers in which surgeon cannot use standard preoperative localization assay. 108, 109 All surgeons, experts in focused parathyroidectomy, must have the necessary familiarity with bilateral neck exploration because sometimes focused localizing techniques and the same PTH intra operative measurement could fail in localizing an offending parathyroid. On the other side focused parathyroidectomy plays an important role when preoperative localization techniques successfully identify the affected gland and there is a correct way to predict the curative value of the surgical procedure. When a single offending gland is preoperative localized, combining functional and anatomical imaging, a unilateral neck exploration could be done in order to remove the single offending gland. The surgeon performs a smaller incision (2-4 cm long) near to the putative preoperative localization and removes the affected gland identifying both parathyroid gland (pathological and normal unilateral) and the course of recurrent laryngeal nerve. 110 In this case intra operative measurement of PTH serum level gives the surgeon the certainty of having removed the pathological gland responsible for PHPT. 111 Recent technological developments, including the option of intra operative measurement of PTH, endoscopic technique and mainly the utilization of intra operative gamma probe, justify the success of minimally invasive surgical procedures. [112] [113] [114] The mini invasive procedures are summarized in Table 4 . Different techniques have been described: some surgical techniques include the insufflations of gas in the neck in order to create an operative surgical field allowing incision distant from the affected gland, or alternatively introducing an endoscope in a small incision, dissecting structure with dedicate mini surgical instruments. In patients with a history of keloid or hypertrophic scar formation sometimes cosmetic results may be not satisfactory: furthermore because of the presence of glands located in the mediastinum a thoracotomy procedure is needed. In this case the robotic assisted parathyroidectomy approach, either transaxillary or transthoracic, may play an important role. 115 The initial experience demonstrates that this technique is safe, feasible and effective in the treatment of PHPT as obtained by a recent retrospective review of medical charts. 116 A prospective randomized blinded trial published in 2006 concludes that both minimally invasive video assisted parathyroidectomy (MIVAP) and open minimally invasive parathyroidectomy (OMIP) offer a valuable approach to solitary parathyroid adenoma with minimal morbidity and excellent results in terms of successful rate. MIVAP presents advantages in terms of recognition of the recurrent laryngeal nerve, lower score of pain and need for drugs, a shorter scar and a higher satisfaction cosmetics rate. 117 Total endoscopic approach (the so-called lateral approach parathyroidectomy by Henry) is not routinely performed: a recent paper concludes that it can be proposed in experienced hand in more than half of PHPT patients obtaining good immediate results. Conversion rate remains higher and it may explain the low widespread of this specialized technique. 118 Minimally invasive radio guided parathyroidectomy technique consists in giving patient 99mTc sestamibi on the day of surgical procedure and it undergoes imaging for the functional localization of the affected gland: a small incision is then done on the putative site and a gamma camera pen is used to guide the surgeon to the gland in a technique similar to those used for sentinel node biopsy. The skin incision is usually 2-3 cm long when a single gland exploration is performed. 119 We found few prospective well designed studies comparing conventional parathyroidectomy and minimally invasive procedure: the difference consists in cost and operative time being complication rate or cure rate the same. 120 A prospective randomized trial compares MIP with conventional parathyroidectomy: there was no difference in curative rate and operative time. The MIP group had low pain scale, lower analgesic consumption and greater cosmetic satisfaction at 1 month and 6 months after surgery. After one year from the surgical procedure there were no differences in cosmetic and aesthetic satisfaction: MIP was very expensive. 121 Another prospective study shows the same results in terms of curative rate for both MIP and conventional procedure: MIP procedure shows a shorter operative time while calcium levels remain lower in the first four operative days in the group who undergoes the conventional procedure. 122 Patients with persistent or recurrent hyperparathyroidism after initial surgery still remain difficult to treat. There is more than one cause of failed first treatment: an inexperienced surgeon, the multiple gland disease, an ectopic gland, supernumerary gland, parathyromatosis from spillage after the initial surgical procedure. 123 Patient should undergo a complete functional and anatomical localization study: particular attention should be paid to the anterior mediastinum and thorax. The approach needs to be multidisciplinary with a correct planning of the surgical procedure made by the team leader -frequently the surgeon -engaging endocrinologist, nuclear medicine physician, radiologist and pathologist both clinical and laboratory. 124, 125 Role of intraoperative measurement of serum parathyroid hormone level Intraoperative PTH (IOPTH) serum level monitoring has been increasingly used during mini invasive procedure for PHPT: PTH levels are usually measured at the beginning of surgery procedure and ten minutes after the removal of the offended gland. It usually takes 15-20 min for the results: many high volume centers have the necessary equipment directly in the operative room. If there is a drop in the PTH serum level major than 50% of the pre resection measurement that means that the source of PHPT has been removed: otherwise persistent disease may be suspected. 126 A systematic review on the diagnosis and treatment of PHPT conducted between 1995 and 2003 which analyzed more than 200 published series in which IOHPT was routinely used concludes that a focused unilateral approach was completed as intended in 94.5% of cases of PHPT while there was a conversion rate to a bilateral neck exploration in 5.5% of cases: persistent hypercalcemia including all cases in which IOPTH was used was 1.3%. 127 Some recent studies suggest the use of IOPTH only in selected patients in order to minimize procedure costs, optimize the time of surgery and relative operative room occupation: a recent prospective study includes all patients in a protocol of preoperative localization of a parathyroid abnormal gland by using 99mTc sestamibi and US neck study. Only patients with US positive results being the functional result of 99m TC sestamibi negative underwent serum IOPTH measurement. All patients with positive localization (both functional and anatomic) were offered for mini invasive procedure obtaining a successful rate of 99%. Seventy percent of patients who presented with positive ultrasound and negative sestamibi underwent mini invasive procedure with IOPTH and had an inadequate fall of IOPTH data highly predictive of multiglandular disease: in all cases the use of IOPTH obviously increases cost, length of operative time and operative room occupation. 128 There are some recent published criteria for IOPTH monitoring focusing on the timing of sample measuring: these authors include a serum sample during the surgical manipulation of the offended gland supposing that the true beginning of the PTH decay origins from the clamping or manipulation of the gland. Authors conclude that the advantages of this criterion are both the prompt recognition of false negative results and the construction of a decay curve necessary to support the surgeon during the excision of the offended gland. 129 Challenging patients with negative sestamibi scan and discordant imaging studies were recently evaluated in a prospective study: the authors divide patients into three groups. Group A sestamibi positive and ultrasound positive, Group B sestamibi positive and ultrasound negative and Group C sestamibi and ultrasound negative. The overall operative success using IOPTH was 99.12% in Group A, 98% in Group B, and 90.91% in Group C. IOPTH changes the operative management in 2.63% of patients in Group A and 14% in Group B. 130 In a large multicenter Scandinavian study, including more than 2000 patients, imaging preoperative procedure consisting on sestamibi scan and US was done in 1831 patients, while IOPTH was done in 792 patients. Surgeons performed unilateral exploration in 22% of cases, focused parathyroidectomy in 17% of cases and bilateral neck exploration in 2% of cases. The use of IOPTH measurement increased the curative rate and decreased the risk of postoperative hypocalcemia when associated with preoperative localization imaging. 131 In case of multiglandular disease the IOPTH assay during minimally invasive parathyroidectomy may be helpful in the detection of double adenomas, minimizing the risk of recurrent operations and facilitating cost-effective minimally invasive surgery.
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Medical treatment
Drugs for PHPT can be divided into two groups: antiresorptive drugs inhibiting increased born turnover which can be further divided into estrogen like com- pounds (estrogen, oral contraceptives, selected estrogen receptor inhibitor) bisphosphonates and calcitonin and finally drugs that interfer with PTH secretion (only cinacalcet). 133 Medical treatment remains indicated for those patients who present a severe contraindication for surgical therapy, patients in which surgery failed or patients with no current criteria for surgical treatment: the US Food and Drug Administration confirms that surgery is the only definitive cure. 134 
Cinacalcet hydrocloride
Calciomimetic drugs as cinacalcet hydrochloride provide the first effective medical treatment because they bind the calcium sensing receptor, reducing both serum calcium and parathyroid hormone level: the drug is generally well tolerated with common side effects generally dose-related like nausea and headache. 135, 136 A recent study conducted on a group of patients treated with cinacalcet confirms that medication was well tolerated (83.4% of patients) with more common adverse events being represented by nausea and vomiting. Cinacalcet rapidly reduced serum calcium level and the reduction remained stable after 1 year of treatment: furthermore they observed a reduction in PTH serum level. The study concludes that cinacalcet is an effective and attractive alternative in non-surgical patients and it may also help clinician in preoperative hypercalcemia management. 137 A post marketing experience on the management of cinacalcet in patients affected by PHPT was conducted collecting data from 135 patients treated in eight Italian centers between October 2008 and March 2011 [following the approval by the European Medical Agency (EMA)]. Retrospective data collected regard 100 patients with sporadic PHPT and 35 patients with familial PHPT: cinacalcet effectively reduced serum calcium levels, in fact the majority of patients became normocalcemic (65% of patients with sporadic form and 80% of patients with familial form). 138 A multicenter study conducted over 48 patients with PHPT treated with cinacalcet demonstrated a normalization of serum calcium concentration in 73% of patients: the PTH level remains elevated and decreased in only 7.6% of cases in the same period of observation. Long term observation of this group of patients over 5 years demonstrated a maintenance of normal serum calcium level in approximately 80% of patients: mean serum PTH level decreased progressively maintaining stable results over the observation period.
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Hormone replacement therapy
Estrogens used at high dose reduce the serum calcium level, but they do not reduce the parathyroid hormone level, all this demonstrates the predominant effect on bone resorption rather than on PTH secretion: estrogen containing compounds may be less attractive because of the potential risk of breast cancer, cardiovascular disease and thromboembolism. About oral contraceptives no data had already showed the ability in preventing fractures in general population and no data are nowadays available about their effect on women affected by PHPT. The role of estrogen replacement therapy for patients who decide against surgery or who are not candidates to surgical procedure has been recently described in a literature review: the discussion about the role of estrogen therapy replacement rules on a series of randomized clinical trials. A historical randomized double blind placebo controlled trial conducted on postmenopausal women affected by PHPT over two years evaluated the association between estrogen and medroxiprogesterone versus placebo: data were assessed including BMD and biochemical markers of bone turnover. 140 All biochemical markers of bone turnover (alkaline phosphatase activity, urinary excretion of hydroxyproline and urinary calcium excretion), progressively decreased at the natural end of the study. On the other side BMD increased significantly in total body. At the extension of the study for 4 years all the effects were maintained.
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Bisphosphonates
Multiple data from randomized controlled study demonstrate the role of oral alendronate on bone turnover and BMD. A double blind randomized single cross over trial on the role of alendronate 10 mg daily was conducted in men affected by primary hyperparathyroidism in comparison with women in postmenopausal state: alendronate significantly increased BMD at 12 months and it was associated with a reduction in bone turnover in men. These data, similar in postmenopausal women, suggested the value of alendronate to prevent skeletal damage in men: the authors conclude that future studies are needed to confirm protection against the risk of fracture in both male and female population. 142 Another randomized multicenter double bind placebo controlled trial over forty-four patients treated with oral alendronate was associated with progressive increase of BMD when compared with the base line and progressive decrease of bone turnover maintained over two years of observation period. After 1 year patients who received placebo started with the same therapy demonstrating the same results in BMD and bone turnover. 143 A recent prospective study was conducted to compare the efficacy of alendronate and raloxifene over twentyfour postmenopausal women with osteoporosis and diagnosis of PHPT: patients were randomized in two groups (an alendronate group -12 patients -and a raloxifene group -12 patients). Control group consists of ten patients not suitable for surgery. Both medicaments improved bone density in the lumbar area but the most significant decrease in serum calcium levels was observed in the alendronate group compared to raloxifene and control group: these data suggest the usefulness of alendronate in the short term control of calcium levels in patients awaiting for surgery. 144 The efficacy of alendronate associated with cinacalcet has been retrospectively investigated in patients with primary hyperparathyroidism: twenty tree patients were enrolled. Ten patients received cinacalcet associated with alendronate and 13 patients received cinacalcet in monotherapy. There was no difference in the rate of PTH and serum calcium decrease in the two groups: the T-score increased significantly at the lumbar spine and femur in patients treated with alendronate plus cinacalcet while it remains unchanged in the mono therapy group. BMD improved in patients receiving the two drugs associated rather than in patients receiving cinacalcet alone.
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Conclusions
PHPT remains a challenging disease with multiple profiles in which no classical manifestation like decrease of quality of life, fatigue and depression play an emerging role in the literature debates: the successful treatment must occur in the context of a multidisciplinary team were endocrine surgeon, endocrinologist, radiologist and nuclear medicine perform the best treatment. Diagnosis revolves around routine measurement of serum calcium associated with a high or inappropriate serum PTH levels: the differential diagnosis with other form of hypercalcemia is often complex and includes condition related to metastatic cancer, multiple myeloma, sarcoidosis and other less common causes. The aim of imaging is to localize the site of hyperfunctioning parathyroid tissue: nowadays there are different modalities available that can be distinguished between functional imaging and anatomical imaging. The definitive treatment for PHPT remains parathyroidectomy: medical treatment could be an alternative in patients not candidates to surgical procedure or refusing surgery. Cinacalcet, estrogen and biphosphonates play an important role in controlling serum calcium level, increasing BMD and decreasing the risk of fracture. 
